Objective: To assess the body composition changes in anorexia nervosa and after medium term recovery. Design: A descriptive study. Setting: Rome, Italy. Subjects: Twenty women affected by anorexia nervosa (AN) with a BMI [weight (kg)aheight (m 2 )] below 17 kgam 2 and weight-stable for at least three months, were compared with 10 well nourished control women (CO) and nine rehabilitated subjects (R-AN), who had a BMI above 18.5 kgam 2 stable for at least the last six months. Interventions: Body fat was assessed by underwater weighing, muscle mass by urinary creatinine, total body water (TBW) by impedance parameters (50 kHz and 800 mA), skeletal mass by anthropometry and radius bone mineral density by dual photon absorptiometry in ultra-distal (UD-BMD) and medio-distal (MD-BMD) sites. Results: The AN group, as compared to the control group, had a signi®cantly lower weight, body mass index (BMI kgam 2 ) and percent body fat (P`0.0000). Creatinine urinary excretion was lowest in absolute term and when expressed as creatinine height index or per kg fat free mass (FFM) (P`0.0000); muscle mass per kg body weight was 13% lower (P`0.01). Ultra distal bone mineral density (UD-BMD) was 6% lower (not signi®cant). TBW as percent of body weight was signi®cant higher (P`0.001): however TBWaFFM % was not statistically different with large inter-individual variability. An altered distribution of extra and intra-cellular water was suggested by the phase angle (AN: 4.4 AE 0.8 ; CO: 6.1 AE 0.4 ; (P`0.0000). In rehabilitated anorexic patients (R-AN) the fat mass represented 53% of the weight gain. Their creatinine excretion remained still below the mean value of the controls (P`0.001). The impedance parameters were not signi®cantly different between the R-AN and the CO groups, however, the phase angle of the R-AN (5.0 AE 0.7 ) remained lower than in the CO group, indicating that the water distribution was still altered. Conclusions: This study shows that AN is a condition of reduced body fat as well as of muscle mass, with a slightly reduced bone mass. In the course of rehabilitation, most of the weight regained is represented by fat, while the muscle mass appears to lag behind, at least in the medium term.
Introduction
Anorexia nervosa (AN) is an eating disorder characterized by persistent intentional weight loss and maintenance of weight at an abnormally low level. The body composition changes that are observed in anorexic patients are represented by a substantial loss of fat-free mass (FFM) as well as of fat; lean tissue accounts for 15±45% of the total decrease in body mass (Shephard, 1991) . Not all components of the FFM are however affected to the same extent. In the more frequent form of anorexia, lean tissue is lost not only from muscle, but also from viscera, such as liver, spleen and kidney (Fohlin, 1977; Davies et al, 1978) . However, the extent of muscle loss depends in part upon the level of exercise maintained by the patient (Shephard, 1991) . A certain disturbance of cell hydration also might be present in AN, but no de®nitive proof exists (Hannan et al, 1990) . The skeleton is relatively spared thus becoming a larger proportion of the lean body mass (Hannan et al, 1990) . However, there is some evidence that bone might be compromised in anorexia as a consequence of nutrition deprivation, cortisol elevation and hypoestrogenia (Rigotti et al, 1984; Biller et al, 1989; Davies et al, 1990; Herzog et al, 1993) .
The changes that occur in starvation have been well described. There is a marked negative water balance during the ®rst 4±5 d of energy deprivation, which then rapidly diminishes. If fasting continues, the rate of water loss is reduced markedly and water is conserved (Drenick, 1980) . Most of the early water loss in starvation originates from the extracellular¯uid, but major changes also occur in the intracellular water compartment. Skeletal muscle is lost rapidly and by the time the individual succumbs, up to two thirds of skeletal muscle tissue may be lost (Heyms®eld et al, 1979) . Muscle mass of the upper extremity tends to atrophy somewhat more rapidly than the lower extremity or total body muscle mass (Keys et al, 1950) .
Relatively little information is available on the recovery of body constituents with nutritional rehabilitation. Studies have been conducted under experimental conditions (Keys et al, 1950) , in undernourished populations (Barac-Neito et al, 1979) , in juvenile malnutrition (Standard et al, 1959; Ashworth, 1969) and in clinical settings in anorexic patients (Russel et al, 1983; Forbes et al, 1984; Nunez et al, 1994) . In the Minnesota experiment (Keys et al, 1950) in the ®rst three months of rehabilitation, there was a mean gain at 50% of the loss sustained during semistarvation; the body fat content increased markedly, paralleling the caloric intake and this recovery was more rapid than that of muscles. After ®ve months, the total body weight of subjects had exceeded the pre-starvation level, but the mass of active tissue was still some 8% below the control value. During the treatment of malnourished children, gains of weight tend to be more rapid in the early part of the recovery phase, only to fall off later on (Ashworth, 1969) . In the later stage there is a tendency to lay down more fat (Standard et al, 1959) . Reports of body composition in the course of weight restoration in AN indicate that fat represents 32±77% of the total weight gained during recovery (Mitchell & Truswell, 1987) . Other authors instead have observed a much higher increase of lean tissue during the ®rst few weeks of re-feeding. Blom et al (1962) indicate that lean tissue accounted for 70% of the increase in body mass and Forbes et al (1984) attributed a higher proportion of the increased mass to lean tissue: 70% if subjects were given a high protein diet, and 61% if they received a low protein diet. It is evident that a wide variability in the tissue recovered exists in anorexia nervosa, that depends by several factors such as subjects characteristics (for example age and gender), the refeeding protocol etc. Also moderate exercise during the latter part of rehabilitation speeds the restoration of lean tissue (Goldeberg et al, 1977; Halmi et al, 1979; Falk et al, 1985) .
There is thus an incomplete understanding of body composition in anorexia nervosa, particularly after nutritional rehabilitation and no study has been conducted to investigate the changes that might occur in the various body compartments. The aim of this study was to investigate the body-composition changes attendant to moderately severe anorexia nervosa condition and after medium term recovery. Body composition was measured by means of anthropometry, body density, urinary creatinine excretion, impedance parameters, and bone mineral density.
Subjects and methods
Twenty-nine women aged 17±37 y were recruited among the out-patients of the Ambulatory for Eating Disorders of University of Rome`La Sapienza' (Italy). All met the criteria of DSM IV±R Criteria (American Psychiatric Association, 1994) for anorexia nervosa. We selected a ®rst group of 20 patients (AN group) who had a BMI [weight (kg)aheight (m) 2 ] less than 17 kgam 2 (WHO, 1995) and a weight stable for at least three months prior to test, assessed by clinical report. Sixteen of these subjects were affected by anorexia nervosa of the`restricting' type, the other four by the`binge eating' or`purging' type of anorexia nervosa. The duration of the disease ranged from eight months to nine years, with a mean of 3.47 AE 3.1 y. A second group consisted of nine recently rehabilitated subjects (R-AN), with a BMI greater than 18.5 kgam 2 for at least six months. This group had a previous history of anorexia b1 y (mean of 3.25 AE 3 y) and a mean BMI at their lowest weight of 15.3 AE 1.1 kgam 2 , as assessed by clinical report. A third group of 10 women of normal weight (BMI between 18.5 kgam 2 and 25 kgam 2 ) free of history of eating disorders served as control (CO) and was recruited from the staff and students of the National Institute of Nutrition.
All subjects were interviewed about the nature and level of their habitual physical activity. Exercise patterns were quanti®ed as 0 sedentary; 1 occasional activity; 2 sport once weekly; 3 sport two to three times weekly for 2±3 h each time; 4 daily vigorous activity, 2±3 h. None was a professional athlete. Exercise habits were similar in the three groups and most subjects fell in classes 0±2. Five anorexic patients quali®ed for classes 3 and 4.
The fasting subjects were measured early in the morning after 24 h spent in the calorimetric chamber of the National Institute of Nutrition for metabolic studies (paper in preparation). All tests, with the exception of bone mineral density, were conducted on the same day to minimize within-subject biological variaiblity. Bone mineral density was measured in the same week in the Department of Reumatology of the I University of Rome (Italy). In order to control for the confounding effect of sex-hormonaldependent changes in body¯uids (Deurenberg et al, 1988; Gleichauf & Roe, 1989) or in creatinine urinary excretion (Paaby et al, 1987) , CO and R-AN subjects were investigated between the 6th and the 12th day of the menstrual cycle; AN patients were all amenorrheic.
Anthropometry
Anthropometric measurements included height, weight, skinfolds, circumferences and skeletal diameters. All measurements were made by the same skilled observer (AP) according to the standard procedure (Lohman et al, 1988) . Height was measured to the nearest 0.1 cm with a wallmounted Harpenden stadiometer; body weight was recorded to the nearest 0.01 kg using a calibrated computerized digital balance (K-Tron P1-SR); the subject was barefoot, wearing a light bathing costume. Skinfold thicknesses were measured in triplicate to the nearest 0.2 mm with a calibrated Harpenden caliper on nine sites (biceps, triceps, subscapular, suprailiac, midaxillary, thoracic, abdomen, thigh, calf). Circumferences (upper-arm, forearm, thigh, calf, waist, hip) were measured to the nearest 1 mm with a¯exible steel tape. Skeletal diameters included biacromial, biiliac and bitrochanteric measurements with a Harpenden anthropometer, wrist (bistyloid), elbow (bicondylar humerus), knee (bicondylar femur) and ankle (bimalleolar) with Harpenden spreading calipers to the nearest 1 mm. Skeletal mass was predicted using Martin's formula (1991) . Where appropriate, the measures were performed on the left side of the body. Quality control of the anthropometric measurements, performed on the 10 subjects, gave a standard error of measurements (Smeans, calculated as the standard deviation of the difference between repeated measurements, divided by the square root of 2) ranging from 0.27±0.56 mm for skinfold thickness; from 0.27±0.34 cm for circumferences and from 0.09± 0.2 cm for skeletal diameters.
Densitometry
The subjects were measured in the fasting state after voiding, having refrained from intense exercise and diuretics over the previous 24 h. In order to reduce gastrointestinal gas, subjects were asked to consume a low ®ber diet during four days prior to the test and took an anti¯atulent (160 mgad of dimethyl-polysiloxanes activatedÐWarner Lambert Consumer Healthcare S.Com. p.A. Milano, Italy). Body density was determined by underwater weighing as described by Durnin & Rahaman (1967) , with
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A Polito et al simultaneous determination of lung residual volume by nitrogen dilution technique (Rahn et al, 1949) . Expired gas was analysed with a Servomex 1100A O 2 Analyser (Taylor Instrument Analytics Ltd, Crowbouroug, UK) and Morgan 801D CO 2 analyser (PK Morgan, England). Body density measurements were repeated until a difference of less than AE 0.0015 between any three replicates was obtained (corresponding to approximately 0.4% of fat). Body fat was calculated using Siri's formula (1961) , and fat free mass was derived from the difference between fat mass and body weight.
Urinary creatinine (Cr)
Twenty-four hour urines were collected during the stay in the calorimetric chamber (after 4 d of meat-free diet). Urines were collected in polyethylene bottles, containing 10 ml of 6N HCL as a preservative, sampled and stored at 720 C until analysis. Urinary Cr was assayed spectrophotometrically in duplicate (CV of duplicates: 4.5%) with the Jaffe's reaction method using the kit of Biochemia (Boehringer, Mannhheim Gmbh). Muscle mass (MM) was estimated from 24 h creatinine excretion assuming a nonconstant ratio of muscle mass to creatinine based on the regression equation: MM 18.9Cr 4.1 (Wang et al, 1996) .
Bioelectrical impedance
Whole-body impedance indices [Resistance (Rz) and reactance (Xc)] were measured with a BIA-101 impedance analyser (AKERN/RJL systems, Florence, Italy). Signal and detecting electrodes were positioned according to the recommended protocol on the right wrist and right ankle (Duerenberg, 1994) . The measurements were made 10 min after lying supine on a non conductive surface, with legs slightly divaricated and arms next to, but not touching the trunk. Calibration of the analyser was checked daily, using a standard resistor. Phase angle (PA ) was calculated as arctan (XcaRz)6180ap, and has been used as index positively related to the ratio intra-cellular and extracellular water (Baumgartner et al, 1988) . Bia index was calculated as the height square divided by resistance (Ht 2 aRz). Total body water (TBW) was estimated from measurements of resistance using Kushner's equation (1992) . Standard errors of repeated measurements (Smeans) on ten subjects was 6.98 O for resistance, 1.28 O for reactance and 0.18 for phase angle.
Bone mineral density Forearm (radius) bone mineral density was estimated by dual photon absorptiometry with a Turboscan (N.I.M. Verona, Italy) with a iodine-125 source. Measurements were made on the right radius at two sites: the shaft site (1a3 ulnar length, proximal to the styloid process, UD-BMD) and the 5 mm site (MD-BMD), located near the distal ends of the radius and ulna. The study protocol was reviewed and approved by the ethics committee of the University of Rome,`La Sapienza.'
Statistical analysis
Statistical analyses have been performed using Complete Statistical System (CSSaPC) programme. Results are presented as group mean and standard deviation. Analysis of variance (ANOVA) was used to determine inter-group Values in the same row with different superscript letters are signi®cantly different (P`0.05) using Tukey HSD procedure.
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Results
The number, age and detailed anthropometric measures of the subjects are presented in Table 1 . The mean BMI of the anorexic patients (AN), 15.3 AE 1.6 kgam 2 , indicates their severe conditions of undernutrition. The mean age and height of the three study groups were similar. All skinfolds and circumferences, but not the WaistaHip ratio, were signi®cantly lower in the AN group as compared to the control group (CO); the largest de®cit was at the suprailiac skinfold (771%), the smallest at the pectoral skinfold (723%). Circumferences were on the average 20% less than in the control group, but the loss was rather equally distributed. R-AN's skinfolds occupied an intermediate position between AN and CO for subscapular, midaxillary and thigh skinfold, were similar to those of the CO group for triceps, pectoral and calf skinfolds, and similar to the AN group for the remaining ones; all their circumferences were similar to those of the CO group. Unsurprisingly, no differences were observed in the skeletal diameters. Table 2 shows the body composition of the three groups, as obtained by the classical bi-compartmental model by means of underwater weighing. The AN group had a fat mass (7.1 AE 2.9 kg) that was half the amount of the control group (14.1 AE 2.8 kg) (P`0.0000) and of the rehabilitated subjects (12.1 AE 3.2 kg). Also FFM has been lost by the AN patients, whose FFM weighs 33.5 AE 3.6 kg, or 13% less of the control group. The R-AN subjects appear to have recovered both fat and fat-free-mass, with an apparent faster and more complete recovery of the FFM (38.0 AE 3.9 kg) which is 2% less than that of the controls; the fat mass (12.1 AE 3.2 kg) is about 14% less than the controls. Table 3 shows the 24 h urinary creatinine and several derived indices. Creatinine urinary output was 0.64 AE 0.15 gad in the AN patients, which is about 60% of the normal value. Given the similar height of the three groups, also the creatinineaheight index of AN patients is signi®-cantly lower. Expressing creatinine per kg FFM, yields a value of 19.0 AE 5.0 mgadakg FFM, which is signi®cantly lower than in the CO subjects, 26.7 AE 5.7 mgadakg FFM and suggests that there might have been a profound modi®cation in the composition of the FFM. Muscle mass was calculated assuming a nonconstant ratio of creatinine to muscle (Wang et al, 1996) . The calculated muscle mass of the AN was 16.1 AE 2.9 kg, which is about 70% of the muscle mass of the CO. The R-AN subjects have an intermediate position but their difference from the AN group does not reach statistical signi®cance. It is interesting to note that their creatinineaFFM ratio, 18.9 AE 5.9 mgadakg FFM, is even slightly lower than that of the AN group. Muscle mass thus represents about 48% of FFM in the AN patients, 49% in R-AN ones and 61% in the control group. Table 4 shows the hydration status of the study sample, as re¯ected by bio-impedance measurements. Resistance was signi®cantly higher in the AN group P`0X001 than in the other two groups, the differences being 18.7% on average between the AN and CO; the speci®c resistance (Ht 2 aResistance) was similar across groups. TBW, estimated by Kushner's equation (1992) , was 25.0 AE 3.2 l in the AN group, which corresponds to 61.9 AE 7.1% of body weight. The value is signi®cantly different from those recorded in the CO (28.8 AE 1.1 l and 54.9 AE 4.2%) and the R-AN group (27.9 AE 4.2 l and 55.8 AE 7.1%) P`0X01. However, TBWaFFM (%) was not statistically different 74.7 AE 5.3% in AN, 73.4 AE 4.9% in CO, 74.7 AE 2.6% in R-AN subjects), possibly due to the large inter-individual variability in the hydration of FFM. A diverse distribution in extra and intra-cellular water, as suggested by the phase angle (PA ), is observed in the AN subjects (4.4 AE 0.8 , P`0X0000) as compared to the controls (6.1 AE 0.4 ). The R-AN subjects have an intermediate value (5.1 AE 0.8 ). Values in the same row with different superscript letters are signi®cantly different (P`0.05) using Tukey HSD procedure. Values in the same row with different superscript letters are signi®cantly different (P`0.05) using Tukey HSD procedure. *Calculated by Wang's equation (1996) .
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Reactance, indicator of body cell mass, tended to be slightly lower in the AN and R-AN groups, but the differences did not reach statistical signi®cance. Bone mineral density as obtained by dual photon absorbtiometry and the estimated skeletal mass are shown in Table 5 . A modest, not statistically signi®cant difference is observed in UD-BMD, which is 6% lower in the AN group than in the CO subjects. Absolute skeletal mass (kg) as calculated by Martin's formula (1991) was similar among groups, but, given the lower weights of the anorexic patients, bone represents about 15% of the body weight in AN group, which is signi®cantly higher than in the other two groups (CO 11.2 AE 1.6%; R-AN 11.8 AE 2.0%).
Discussion
The results of this study show that adult anorexic women have a body weight which is 77% that of controls, a fat mass and a fat-free mass which are respectively 50% and 87% of the control. Therefore, the loss of weight that characterizes the special condition of anorexia nervosa involves both the lean and the fat compartment of the body, as others have already pointed out (Fohlin, 1977; Davies et al, 1978; Forbes et al, 1984) . However, while no functional deterioration are associated with the removal of fat from body stores, the loss of about 5 kg of lean tissue, that is 13%, might be expected to have important functional consequences (Marcos, 1997) .
Within the fat-free mass the muscle mass appears the compartment most affected by the depletion. Marked atrophy of the skeletal musculature is a prominent characteristic of severe undernutrition and acute starvation. In marasmic infants, muscle mass was 30% of normal (Standard et al, 1959) . The proportion of muscle in FFM decreases because other tissues remain unchanged. Studies on children who died of malnutrition show that skin and bones are relatively well preserved in emaciation (Garrow et al, 1965) , while skeletal muscle changes in composition. Collagen was found to contribute to a much larger proportion of total body protein (36±48%) as compared to normal values (27%) suggesting that collagen protein content is maintained despite considerable reduction in the total lean tissue mass (Picou et al, 1966) . Cheek and his colleagues (1970) showed that the reduction in muscle mass was mainly due to the reduction in cell size and cell mass rather than to differences in cell number. In women with AN, Russel et al (1983) found that the creatinine-height index (CHI) was 50% of normal, while Forbes et al (1984) reported a mean creatinine excretion of 0.74 gad. The use of creatinine as measure of muscle mass is not free of problems in anorexic patients, where the creatine content of muscle might be altered. Reeds et al (1978) examined this question in studies with 15 N-labelled creatine in children with protein energy malnutrition. The size of the creatine pool was reduced by about 25% in the malnourished muscle, however the fractional turnover rate of creatine was unchanged at 2%, as would be expected from a nonenzymatic reaction. Therefore, the use of creatine based on the conventional factor that assumes a constant ratio between 24 h urinary creatinine and skeletal musculature would underestimate the muscle mass. We have used the approach proposed by Wang et al (1996) who assumes a highly variable creatinine to muscle ratio and has developed a regression equation relating 24 h urinary creatinine to muscle mass measured by computerized axial tomography in adult men. The authors observed that across a range of urinary creatinine excretion between 1.0 gad and 2 gad, the ratio of muscle mass to creatinine decrease approximately by 10%. The use of this approach appears so far the best way to calculate muscle mass. It can, of course, play down the inter-and intra-group differences, Values in the same row with different superscript letters are signi®cantly different (P`0.05) using Tukey HSD procedure. *Calculated by Kushner's equation (1992) . Values in the same row with different superscript letters are signi®cantly different (P`0.05) using Tukey HSD procedure. *Calculated by Martin's formula (1991) .
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Another important compartment of FFM is water. It functions as a structural component, a medium for chemical reactions and a vehicle for interchange between the body cells and organs. It has been suggested that body water as percent of body weight increases in anorexia (Dempsey et al, 1984; Scal® et al, 1997) , and it has been found to be irregularly distributed with expansion of the extracellular compartment at the expense of the intracellular (Veisman et al, 1988; Scal® et al, 1993) . To estimate total body water we have used the Kushner's equation (1992) that has been validated also in anorexic patients (Scal® et al, 1997) . Our AN and also the R-AN patients were characterised by a very large inter-individual variation in hydration of FFM. The bioelectrical alterations were particularly evident in subjects with either a very low BMI (below 12 kgam 2 ) or affected by anorexia binge eatingapurging type. This is consistent with previous ®ndings of Hannan et al (1990) and the conclusion that the hydration of anorexic patients becomes abnormal only at BMI`14 kgam 2 . Body hydration and the interchange of water between the various¯uid compartments is regulated by an active transport process associated with the pumping of mineral ions across cell membranes by a NA , K and Mg dependent ATPase enzyme. However, a passive process involving the diffusion of water through cell walls or leakage at inter-cellular junctions can occur following a damage to the cellular membranes. Golden (1985) has suggested that such a damage could occur in malnutrition, due to an increased rate of production of free radicals and a diminished capacity to reduce membrane peroxidative damage.
Finally, bone mass was found to be essentially maintained in the anorexic patients, where only a slight reduction of the radial bone density could be detected. A very diverse degree and pattern of bone mineral density reduction in anorexia has been reported in various studies and there does not appear to exist a consensus (Rigotti et al, 1984 (Rigotti et al, , 1991 Seeman et al, 1992; Herzog et al, 1993) . Lumbar BMD tended to be more reduced than distal radial BMD (Biller et al, 1989; Davies et al, 1990; Joyce et al, 1990) . This might be explained by the fact that the skeleton is not a single functioning entity and several factors as hormonal de®ciency and excess, drug therapy and physical activity might participate in improving or accelerating osteoporosis in anorexia (Seeman et al, 1992; Rigotti et al, 1984) . The skeleton health of our women with anorexia will be discussed in depth elsewhere (paper in preparation).
The rehabilitation process of anorexia nervosa is an important phase of this disease, as it is during this phase that the lost functions and tissues are restored to normal or near-normal conditions. The composition of weight gain during weight recovery has a large inter-individual variation (Jackson, 1984) . Moreover it appears to be in¯uenced by several factors such as age, duration of illness, refeeding protocols. Thus, ideally, the recovery process should be studied with a longitudinal design. Nevertheless, in the present study of a cross-sectional nature, we were able to show that the body composition of subjects who had returned, for at least six months, to anthropometric parameters denoting normality still differed signi®cantly than that of the controls. Their body fat content had reached a normal value of 24%, and the fat deposited represented over half (53%) of their weight gain. Such a preponderant contribution of the adipose tissue to the weight gain is consistent with the ®ndings reported by other authors. Krahn et al (1993) found that a mean of 48% of weight increase could be attributable to gain of body fat; Russel & Mezey (1962) found that, on refeeding, 77% of the weight gain was attributable to fat, 7% to protein and 16% to water. These ®ndings should be interpreted with some caution given the diverse methods, each with their own different measurement error and limitations. It has been hypothesised that the mechanisms that modulate the pattern of lean and fat tissue mobilisation during the weight loss, also operate during weight recovery to modulate the pattern of lean and fat tissue deposition, directed as they are to speci®cally accelerate body fat replenishment with a net effect that fat is deposited in excess (Dulloo et al, 1996) . This accelerated accumulation of fat in the body in our R-AN subjects was not associated with a substantial increase of the skinfolds thickness, as if the fat had been preferentially deposited in the deep rather than in the super®cial stores. Nunez et al (1994) has similarly reported that the sum of skinfolds of rehabilitated subjects did not differ statistically from the initial values. Similar results for subscapular and triceps skinfold were reported by BaracNieto et al (1979) in undernourished adult males undergoing nutritional repletion. A different distribution of the fat during nutritional repletion is also possible (Orphanidou et al, 1997) .
The repletion of muscle mass after recovery has been found in this study to be incomplete. The ®ndings show that creatinine excretion increased only by 16% over the values of the AN patients, thus remaining well below (about 30%) the mean value of the controls. Similarly Russel et al (1983) and Forbes et al (1984) found a low increase of urinary creatinine after re-feeding. Although some doubt about the possible underestimation of muscle mass might be in order in the severely malnourished subjects due to the contraction of the creatinine pool, this reasoning would not apply to the rehabilitated subjects where there is no reason to believe that the creatinine to muscle ratio would differ from the normal values. It would argue the existence of mechanisms that actively enhance speci®c tissue recovery.
Conclusions
This study shows that anorexia nervosa is a special condition of undernutrition characterized by depletion of fat mass and of fat-free mass, with associated modest changes in the composition of the latter. These changes consist mainly in a loss of muscle tissue, that appears incompletely restored in rehabilitated subjects. Changes in the¯uid compartment and in the mineralization of the skeleton are also present, but to a lesser degree. Our subjects regain most of the weight as fat. It has been suggested that an unbalanced diet (low dietary protein) or an excessive dietary intake promotes the increase in body fat rather than lean tissue. However, it is also likely that the duration and severity of the undernutrition is associated with different mechanisms of adaptation that modify the response to nutritional support. The understanding of these mechanisms as well as of the composition and compartmental distribution of weight lossagain is important to evaluate the functional and physiological effects of malnutrition and to develop new dietary strategies for nutritional rehabilitation
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